In this study, effect of adding SiO2 nanoparticle to base fluid (water) in car radiator is investigated experimentally. Radiators are compact heat exchangers optimized and evaluated by considering different working conditions. The cooling system of a car plays an important role in vehicle's performance, consists of two main parts, known as radiator and fan. Improving thermal efficiency of engine leads to increase the engine's performance, decline the fuel consumption and decrease the pollution emissions. For this purpose, an experimental setup was designed. Effects of fluid inlet temperature, the flow rate and nano particle volume fraction on heat transfer are considered. Results show that Nusselt number increases with increase of liquid inlet temperature, nano particle volume fraction and Reynolds number. 
INTRODUCTION 1
The radiator is an important accessory of vehicle engine. Normally, it is used as a cooling system of the engine and generally water is the heat transfer medium. For this liquid-cooled system, the waste heat is removed via the circulating coolant surrounding the devices or entering the cooling channels in devices. The coolant is propelled by pumps and the heat is carried away mainly by heat exchangers. Optimal mass characteristics for a heat pipe radiator assembly for space application were investigated by Vlassov et al. [1] . Their results showed that under certain combinations of input parameters, the assembly with acetone HP can be more weight effective than the one with ammonia, in spite of the liquid transport factor criterion indicates an opposite trend. Pantzali et al. [2] investigated the efficacy of nanofluids as coolants in heat exchangers. They concluded that in industrial heat exchangers, where large volumes of nanofluids are necessary and turbulent flow is usually developed, the substitution of conventional fluids by nanofluids seems inauspicious. Nowadays, high prices of energy motivate industries to apply energy saving methods as much as possible in their facilities. Common heat transfer fluids such as water, ethylene glycol, and engine oil have limited heat transfer capabilities due to their low heat transfer properties. In contrast, the thermal conductivity of most metals are up to three times higher than the fluids.Therefore, it is naturally desirable to combine the two substances to produce a heat transfer medium that behaves like a fluid, but has the thermal conductivity of a metal. The term 'nanofluid' is envisioned to describe a fluid in which nanometer-sized particles are suspended in conventional heat transfer basic fluids [3] . Leong et al. [4] attempted to investigate the heat transfer characteristics of an automotive car radiator using ethylene glycol based copper nanofluids numerically. Thermal performance of an automotive car radiator operated with nanofluids has been compared with a radiator using conventional coolants. Naraki et al. [5] investigated the overall heat transfer coefficient of CuO/water nanofluids under laminar flow regime in a car radiator. They showed that the overall heat transfer coefficient decreases with increasing inlet temperature of the nanofluid. Vajjha et al. [6] have numerically studied a three-dimensional laminar flow and heat transfer with two different nanofluids, Al 2 O 3 and CuO, in the ethylene glycol/water mixture circulating through the flat tubes of an automobile radiator to evaluate their superiority over the base fluid. Convective heat transfer coefficient in the developing and developed regions along the flat tubes with the nanofluid flow showed considerable improvement over the base fluid. Lai et al. [7] studied the flow behavior of nanofluids (Al 2 O 3 -water; 20 nm) in a millimeter-sized stainless steel test tube, subjected to constant wall heat flux and a low Reynolds number (Re< 270). The maximum Nusselt number enhancement of the nanofluid of 8% at the concentration of 1 vol.% was recorded. Peyghambarzadeh et al. [8] studied forced convection heat transfer in a car radiator using water/ethylene glycol based nanofluids. They found that about 40% heat transfer enhancement can be obtained compared to the base fluids. Jung et al. [9] conducted convective heat transfer experiments for a nanofluid (Al 2 O 3 -water) in a rectangular microchannel under laminar flow conditions. The convective heat transfer coefficient increased by more than 32% form 1.8 vol.% nanoparticle in the base fluids. The Nusselt number increased with an increasing Reynolds number in the laminar flow regime (5<Re<300) and a new convective heat transfer correlation for nanofluids in microchannels was also proposed. Peyghambarzadeh et al. [10] studied the heat transfer of coolant flow through the automobile radiators as it is of great importance for the optimization of fuel consumption. They indicated that increasing the nanoparticle concentration, air velocity, and nanofluid velocity enhances the overall heat transfer coefficient. Kim et al. [11] investigated the effect of nanofluids on the performances of convective heat transfer coefficient of a circular straight tube having laminar and turbulent flow with constant heat flux. Authors have found that the convective heat transfer coefficient of alumina nanofluids is improved in comparison to base fluid by 15% and 20% in laminar and turbulent flows, respectively. Squeezing unsteady nanofluid flow and heat transfer has been studied by Sheikholeslami et al. [12] . They showed that for the case in which two plates are moving together, the Nusselt number increases with increase of nanoparticle volume fraction and Eckert number, while it decreases with growth of the squeeze number. Zamzamian et al. [13] investigated experimentally the forced convective heat transfer coefficient in Al 2 O 3 /EG and CuO/EG nanofluids in a double pipe and plate heat exchangers under turbulent flow.
Their findings indicated considerable enhancement in convective heat transfer coefficient of the nanofluids as compared with the base fluid, ranging from 2 to 50%. Recently, several studies about nanofluid effect on heat transfer enhancement have been published [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
In this paper, forced convection heat transfer coefficients are reported for pure water and water/SiO 2 nano powder mixtures. The test section is made up with a typical automobile radiator, and the effects of the inlet temperature and nano particle volume fraction on heat transfer enhancement are examined.
EXPERIMENTAL RIG
Figure 1 depicts a schematic of the experimental apparatus employed in the present study. The mixture flows in a closed loop consisting of flow lines, two storage tanks, two heaters, a centrifugal pump, a flow meter, a forced draft fan and a cross flow heat exchanger (an automobile radiator). For cooling the liquid, a forced fan (Techno Pars 2080 rpm) was used. A flow meter (Technical Group LZM-15Z Type) was used to control and manipulate the flow rate with the precision of 0.2 l/min. Figure 2 shows the applied automobile radiator in test set up. The characteristics of radiator are illustrated in Table 1 [30] . The working fluid fills 25% of the storage tank whose total volume is 30 l (height of 35 cm and diameter of 30 cm). Two Ktype thermocouples (DLS 1) were implemented on the flow line to record radiator fluid inlet and outlet temperatures. Also, four other thermocouples were used for radiator wall temperature measurement. These thermocouples were installed at the center of the radiator surfaces (both sides). Due to very small thickness and very high thermal conductivity of the flat tubes, it is reasonable to equate the inside temperature of the tube with the outside one. 
NANOFLUID PROPERTIES
By assuming that the nanoparticles are well dispersed within the base fluid, i.e. the particle concentration can be considered uniform throughout the system; the effective physical properties of the studied mixtures can be evaluated using some classical formulas as usually used for two phase fluids. These relations have been used to predict nanofluid physical properties like density, specific heat, viscosity and thermal conductivity at different temperatures and concentrations [14] . In this paper, the following correlations were used to calculate these physical properties of nanofluid:
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In the above equations, the subscripts "p", "f" and "nf" refer to the particles, water, and nanofluid respectively. The characteristics of water and SiO 2 nanoparticles at room temperature are summarized in Table 2 .
To obtain heat transfer coefficient and corresponding Nusselt number, the following procedure has been performed. According to Newton's cooling law:
Heat transfer rate can be calculated as follows:
Regarding the equality of Q in the above equations:
In Equation (7), Nu is average Nusselt number for the whole radiator, m mass flow rate which is the product of density and volume flow rate of fluid, c p fluid specific heat capacity, and T in and T out inlet and outlet
Type of fin and tubes Aluminum
Dimensions of the radiator Volume of the fin 1.14 litre temperatures, T b bulk temperature which was assumed to be the average values of inlet and outlet temperature of the fluid moving through the radiator, and T w tube wall temperature which is the mean value by two surface thermocouples. In this equation, k is thermal conductivity of the fluid and d hy is hydraulic diameter of the tube. It should also be mentioned that all the physical properties were calculated at fluid bulk temperature. The temperatures measured by these thermocouples were shown on three digital monitors with the accuracy of 0.01°C and the accuracy of inlet and outlet temperature was estimated to be ±0.5°C.
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RESULT AND DISSCUSION
Before conducting systematic experiments on the application of nanofluids in the radiator, some experimental runs with pure water and waterpropyleneglicol were carried out in order to check the reliability and accuracy of the experimental setup.
Comparison was made between the experimental data and two well-known empirical correlations: one of them suggested by Gnielinsky [31] and the other developed by Petukhov et al. [32] (see Figures 3 and 4 ). These two relations are shown in Equations (8) and (11), respectively. In Equation (9), f is friction factor. 
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Also, present study was compared with that of Peyghambarzadeh et al. [33] (Figure 3) . All of these results show good agreements. Figure 5 shows the effects of the Reynolds number, nanoparticle volume fraction and fluid inlet temperature on Nusselt number. The velocity components of nanofluid increase as a result of an increase in the energy transport in the fluid with the increasing the volume fraction. The sensitivity of thermal boundary layer thickness to volume fraction of nanoparticles is related to the increased thermal conductivity of the nanofluid. In fact, higher values of thermal conductivity are accompanied by higher values of thermal diffusivity.
The high value of thermal diffusivity causes a drop in the temperature gradients and accordingly increases the boundary thickness. This increase in thermal boundary layer thickness reduces the Nusselt number, however, the Nusselt number is a multiplication of temperature gradient and the thermal conductivity ratio (conductivity of the of the nanofluid to the conductivity of the base fluid). Since the reduction in temperature gradient due to the presence of nanoparticles is much smaller than thermal conductivity ratio, therefore, an enhancement in Nusselt number is taking taken place by increasing the volume fraction of nanoparticles. Therefore, addition of nanoparticles to the coolant has the potential to improve automotive and heavy-duty engine cooling rates, or equally causes to remove the engine heat with a reduced-size cooling system. In order to consider the effect of temperature on thermal performance of the radiator, different fluid inlet temperatures have been applied for each concentration. The fluid inlet temperatures include 43°C, 52°C, and 60°C for the water based SiO 2 nanofluid. This figure shows that an increase in the fluid inlet temperature slightly enhances Nusselt number because of augmentation in the effect of test liquid radiation to the internal wall of the tubes.
Also, this figure shows that Nusselt number increases with increase of Reynolds number. The enhancement of heat transfer between the case of nanofluid and the pure fluid (base fluid) case is defined as:
Effects of the Reynolds number, nanoparticle volume fraction and fluid inlet temperature on enhancement in heat transfer are shown in Figure 6 . As can be seen, the enhancement in heat transfer has increased by augmentation in the concentrations of nanoparticle, constant Reynolds number and fluid inlet temperature. For the water based nanofluid it is obvious that E increases with Reynolds number and in higher concentrations of nanoparticle the effect of Reynolds number becomes pronounced. Improvement in the heat transfer rate when 0.04 f = and water considered as base fluid is about 3.8%, and this value is about 4% for water-propilenglicol. 
CONCLUSION
In this paper, the convective heat transfer enhancement of SiO 2 -water nanofluid as the coolants inside aluminum tubes of the car radiator has been investigated. The correlation developed by Gnielinsky et al. and Petukhov et al. predicts well the experimental data. Effects of fluid inlet temperature, Reynolds number and nanoparticle volume fraction on heat transfer are considered. Using nanofluid as working fluid leads to higher heat transfer performance which is promoted the car engine performance and would reduce fuel consumption. Nusselt number increases with increase of liquid inlet temperature, nanoparticle volume fraction and Reynolds number.
